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PERSONAL computers have changed dramatically since the first edition of this book 
in 1993. Then, 5-1/4-inch floppy drives were still common, an Intel 80386 was a hot 
processor, and it was still a toss-up to see whether Windows or some other operating system 
would dominate PCs. Really. What wasn't even mentioned in the first edition and merited 
only a couple of chapters in the second edition-the Internet-has become an entire sec- 
tion that grows yearly. Many of the topics covered in this edition were not dreamed of 
back then— Internet video and audio, rewriteable DVD drives, accelerated 3D graphics 
the universal serial bus, global satellite positioning, and computers— real ones, not toys-^ 
that fit in your shirt pocket and let you write on them. To the extent back then that some- 
thing like speaking to your computer had been imagined, it was still something of science 
fiction, something for tomorrow. Well, tomorrow's here. 

The change in PCs has been so rapid, so extensive, and so detailed, I could never 
have learned the tricks behind the new technologies without the help of a lot of knowl- 
edgeable people who were not only generous with that knowledge, but patient enough 
to explain it to me until the mental LED lit up. 

I had the privilege of launching the How It Works feature in PC Computing in 1989 
but over the years, many people have worked on the series, and several chapters are 
based on the research and explanations they've done. Deep thanks go to Margaret 
Ficklen, Herb Brody, Brett L. Glass, Marty Jerome, Raymond Jones, Matthew Lake Liesl 
La Grange Noble, Jack Nimersheim, Randy Ross, Stephen Sagman, Jan Smith Dylan 
Tweney, Doug van Kirk, Mark L. Van Name and Bill Catchings, Christine Grech 
Wendin, and Kenan Woods. Thanks to Preston Gralla for too many things to list. 

I'm also grateful to the dozens of people in the PC industry who've shared their 
knowledge, schematics, and white papers to infuse How Computers Work with detail and 
accvr^y. I Vn.rti.nWly gratefiil to Joe V^d^ater^r/au^^uoff, Dan hranasco. 
lami Casey, John Hyde, Bill Kircos, Susan Shaw, and Seth Walker of Intel; Russell 
Sanchez and Adam Kahn of Microsoft; Jim Bartlett, Ellen Reid Smith, Tim Kearns and 
Desire Russell for IBM, Barrett Anderson and Todd-Hollinshead at id Software- Marcie 
Pedrazzi of Adaptec; Eileen Algaze at Rockwell; A.J. Rodgers, Jennifer Jones, and Susan 
Bierma of Tektronix; Ben Yoder and Lisa Santa Anna of Epson; Dewey Hou of 
TechSmith Corporation; Ray Soneira, author of Sonera Technologies' DisplayMate 
Kathryn Brandberry and Doyle Nicholas of Thrustmaster; Dani Johnston of Microtek 
Lab; Lisa Tillman of The Benjamin Group; Dvorah Samansky for Iomega, Brandon 
Talaich of SanDisk, Chris Walker with Pioneer USA, Carrie Royce of Cirque 
Corporation, Andy Marken of Marken Communications, and Tracy Laidlaw of Beyond 
Words. If there are any mistakes in this book, I can't lay the blame on them. 



In many ways, writing this edition of How; Computers Work has been made much easier 
by the Internet. I didn't keep a complete list of every place on the Net I found useful infor- 
mation, but a couple of sites were particularly outstanding: Dictionary of PC Hardware and 
Data Communications Terms by Mitchell Shnier at http : / /www. ora . com/reference/ 
dictionary / 1 search . cgi and the Free On-line Dictionary of Computing maintained by 
Paul Mayer at http://wagner.princeton.edu/foldoc/index.html. These and more are 
found in links on the book's Web page www . howcomputerswork . net. 

And thanks to the many staff members at PC Computing who shared their knowl- 
edge and time and to former PCC Publisher, Mike Edelhart, who started the ball rolling 
on this book. A special thanks to Jim Seymour and Nora Georgas for starting me on the 
road to excitement and danger that dog the professional computer journalist. At Que to 
John Pierce, Angie Wethington, Juliet Langley, Cindy Hudson, Melinda Levine, Lysa 
Lewallen, Sarah Robbins, and Leah Kirkpatrick for pulling everything together. Thanks 
to John Rizzo for tech editing and researching several chapters. And thanks to my wife, 
Sue, for her constant encouragement, spirit-raising, and humor while waiting for me to 
pop out of writing mode. 

I learned long ago that a writer's skill depends largely on how well the writer can 
steal from others. In addition to just about every book in the Que How It Works series, 
four other books were invaluable for details on PC innards: Understanding I/O Subsystems 
" by W. David Schwaderer and Andrew W. Wilson, Jr.; Inside the IBM PC by Peter 
Norton; The PC Configuration Handbook by John Woram; and The Winn Rosch Hardware 
Bible by Winn L. Rosch. Also helpful was The Way Things Work by David Macaulay, not 
only for its informative explanations of computers, but for its inspiring examples of how 
to combine text and art into clear explanations. 

Finally, Jus Look would viCl-l^wii^ It v/ithout die'artwork^of a ■'; " v 

Downs and Stephen Adams. Invariably, they transformed my Neanderthal sketches into 
clear, informative illustrations, but also managed to make them into wonderful works of 
art. As the original artist for the book and in his continuing work at PC Computing, Tim 
especially has created a new, visual way to communicate technology. 



Any sufficiently advanced technology is indistinguishable from magic. 

—Arthur C. Clarke 

SORCERERS have their magic wands— powerful, potentially dangerous tools with a 
life of their own. Witches have their familiars— creatures disguised as household .beasts 
that could, if they choose, wreak the witches' havoc. Mystics have their golems— beings 
built of wood and tin brought to life to do their masters' bidding. 
We have our personal computers. 

PCs, too, are powerful creations that often seem to have a life of their own. Usually 
they respond to a seemingly magical incantation typed at a C:> prompt or to a wave of a 
mouse by performing tasks we couldn't imagine doing ourselves without some sort of 
preternatural help. But even as computers successfully carry out our commands, it's often 
difficult to quell the feeling that there's some wizardry at work here. 

And then there are the times when our PCs, like malevolent spirits, rebel and open 
the gates of chaos onto our neatly ordered columns of numbers, our carefully wrought sen- 
tences, and our beautifully crafted graphics. When that happens, we're often convinced 
that we are, indeed, playing with power not entirely under our control. We become sorcer- 
ers' apprentices, whose every attempt to right things leads to deeper trouble. 

Whether our personal computers are faithful servants or imps, most of us soon real- 
ize there's much more going on inside those silent boxes than we really understand. PCs 
are secretive. Open their tightly sealed cases and you're confronted with poker-faced 
components. Few give any clues as to what they're about. Most of them consist of 
sphinx-like microchips that offer no more information about themselves than some 
obscure code printed on their impenetrable surfaces. The maze of circuit tracings etched 
on the boards is fascinating, but meaningless, hieroglyphics. Some crucial parts, such as 
the hard drive and power supply, are sealed with printed omens about the dangers of 
peeking inside, omens that put to shame the warnings on a pharaoh's tomb. 

This book is based on two ideas. One is that the magic we understand is safer and 
more powerful than the magic we don't. This is not a hands-on how-to book. Don't look 

., ... . — .x „^v.,.^i,c«* < .v^ cino poicdi une-otnefc But perhaps your 
knowing more about what's going on inside all those stoic components makes them all a 
little less formidable when something does go awry. The second idea behind this book is 
that knowledge, in itself, is a worthwhile and enjoyable goal. This book is written to 
respond to your random musings about the goings-on inside that box that you sit in 
front of several hours a day. If this book puts your questions to rest— or raises new 
ones — it will have done its job. 

At the same time, however, I'm trusting that knowing the secrets behind the magi- 
cian's legerdemain won't spoil the show. This is a real danger. Mystery is often as com- 
pelling as knowledge. I'd hate to think that anything you read in this book takes away 
that sense of wonder you have when you manage to make your PC do some grand, new 
trick. I hope that, instead, this book makes you a more confident sorcerer. 
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Before You Begin 



This book has been written with a certain type of personal computer in mind — the 
"Wintel," a PC most often built around an Intel processor and running Microsoft 
Windows. Many of the specifics in these explanations apply only to that class of com- 
puter and those components. For Mac users, I suggest John Rizzo's How the Mac Works, 
and that you do some serious thinking about switching. 

In more general terms, the explanations also may apply to Macintosh computers, 
UNIX workstations, and even minicomputers and mainframes. But I've made no 
attempt to devise universal explanations of how computers work. To do so would, of 
necessity, detract from the understanding that comes from inspecting specific compo- 
nents. 

Even so, there is so much variety even within the Intel/Microsoft world of PCs 
that, at times, I've had to limit my explanations to particular instances or stretch the 
boundaries of a particular situation to make an explanation as generic as possible. If you 
spot anything that doesn't seem quite right in this book, I hope that my liberties with 
the particulars is the only cause. 

Ron White 

San Antonio, Texas 
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"I think there is a world market for maybe five computers." 

— Thomas Watson, chairman of IBM, 1943 

BEFORE your personal computer is turned on, it is a dead collection of sheet 
metal, plastic, metallic tracings, and tiny flakes of silicon. When you push the On 
switch, one little burst of electricity — only about 3-5 volts — starts a string of events 
that magically brings to life what otherwise would remain an oversized paperweight. 

Even with that spark of life in it, however, the PC is still stupid at first. It has some 
primitive sense of self as it checks to see what parts are installed and working, like 
those patients who've awakened from a coma and check to make sure that they have 
all their arms and legs and that all their joints still work. But beyond taking inventory 
of itself, the newly awakened PC still can't do anything really useful, certainly noth- 
ing we would even remotely think of as intelligent. 

At best, the newly awakened PC can search for intelligence — intelligence in the 
form of an operating system that gives structure to the PC's primitive, amoebic exis- 
tence. Then comes a true education in the form of application software — programs 
that tell the PC how to do tasks faster and more accurately than we could. The PC 
becomes a student who has surpassed its teacher. 

But not all kinds of computers have to endure such a torturous rebirth each time 
they're turned on. You encounter daily many computers that spring to life fully 
formed at the instant they're switched on. You may not think of them as computers, 
but they are: calculators, your car's electronic ignition, the timer in the microwave, 
and the unfathomable programmer in your VCR. The difference between these and 
the big box on your desk is hard wiring. Computers built to accomplish only one 
task— and they are nemc ien t ■ aboi.in v d6ihgTt!x But*th o .t" r^e^ns" x 

they are more like idiot savants than sages. 

What makes your PC such a miraculous device is that each time you turn it on, it is a 
tabula rasa (blank slate), capable of doing anything your creativity — or, more usually, the 
creativity of professional programmers — can imagine for it to do. It is a calculating ma- 
chine, an artist's canvas, a magical typewriter, an unerring accountant, and a host of 
other tools. To transform it from one persona to another merely requires setting some of 
the microscopic switches buried in the hearts of the microchips, a task accomplished by 
typing a command or by clicking with your mouse on some tiny icon on the screen. 




Such intelligence is fragile and short-lived. All those millions of microscopic 
switches are constantly flipping on and off in time to dashing surges of electricity. All 
it takes is an errant instruction or a stray misreading of a single switch to send this 
wonderful golem into a state of catatonia. Or press the Off switch and what was a puls- 
ing artificial life dies without a whimper. 

Then the next time you turn it on, birth begins all over again. 

How Computers Used to Work 

At the end of the 20th century, computers are such complex beasts — despite their 
relative youth — that it's difficult to imagine how such elaborate contraptions could 
have sprung fully grown from the brows of their creators. The explanation is, of course, 
that they didn't. The development of computers has been an evolutionary process and 
often it's well nigh impossible to figure out which came first, the chicken of software or 
the egg of hardware. 

Human attempts to create tools to manipulate data date back at least as far as 2600 
B.C. when the Chinese came up with the abacus. Leonardo da Vinci created a mechanical 
calculator. When the slide rule was invented in 1621, it remained the mathematician's 
tool of choice until the electronic calculator took over in the early 1970s. 

All the early efforts to juggle numbers had two things in common: They were me- 
chanical and they were on a human scale. They were machines made of parts big 
enough to assemble by hand. Blaise Pascal's Arithmetic Machine used a system of gears 
turned by hand to do subtraction and addition. It also used punch cards for storing 
data, a method that's survived well into the 20th century. 

In 1830 Charles Babbage invented — on paper — the Analytical Engine, which was 
ditterent trom its predecessors because, I; t ^J w , the results of its owp^ron^putations, it 
could make decisions; such as sequential control, branching, and looping. But 
Babbage's machine was so complex that he died in 1871 without finishing it. It was 
built between 1989 and 1991 by dedicated members of the Science Museum in 
London. It was the physical size and complex mechanics of these mechanisms that 
limited their usefulness; they were only good for a few tasks, and they were not some- 
thing that could be mass produced. 




This portion of the Difference 
Engine #1, a forerunner to 

Engine — tiie first crue 
computer-^was completed in 
1821. It contained 2,000 
handmade brass parts. The 
entire machine would have 
used 25,000 parts and would 
have weighed 3 tons. The 
Analytical Engine was never 
completed, although part of 
it was built by Babbage's 
son, Henry, in 1910, and was 
found to be "buggy." 

Courtesy of IBM 




In 1888 Herman Hollerith, 
the founder of what was 
to become IBN, created a 
machine that used 
punched cards to tabulate 
the 1890 U.S. Census. The 
device tabulated the 
results in six weeks instead 
of the seven /ears it had 
taken to compile the 
census by hand. 

Courtesy of 
Smithsonian Institution 




The Eniac, built between 
1943 and 1945, was the 
first all-electronic 
computer. It used so much 
power that legend says the 
lights of surrounding 
Philadelphia dimmed when 

tfcs Enia«. y,«_ aniti.nM on. ' 

Courtesy of 
Smithsonian Institution 



Mechanical devices of all types flourished modestly during the first half of the 20th 
century. Herman Hollerith invented a mechanized system of paper cards with holes in 
them to tabulate the U.S. census. Later, in 1924, Hollerith's Computing-Tabulating- 
Recording Company changed its name to International Business Machines. 

Although no one could have known it at the time, the first break-through to the 
modern computer was in 1904 when John Ambrose Heming created the first commer- 
cial diode vacuum tube, something Thomas Edison had discovered and discarded as 
worthless. The significance of the vacuum tube is that it was the first step beyond the 
human scale of machines. Until it came along, computations were made first by gears 
and then by switches. The vacuum tube could act as a switch turning on and off thou- 
sands of times faster than mechanical contraptions. 

Vacuum tubes were at the heart of Colossus, a computer created by the British dur- 
ing World War II to break the codes produced by the German's Enigma encrypting 
machine. And the Germans reportedly came up with a general purpose computer- 
one not limited to a specific task as Colossus was. But the German invention was lost 
or destroyed in the war. 

The war also gave birth to ENIAC (Electronic Numerical Integrator Analyzer and 
Computer), built between 1943 and 1945 by the US. Army to produce missile trajectory 
tables. ENIAC performed 5,000 additions a second although a problem that took two 
seconds to solve required two days to set up. ENIAC cost $500,000, weighed 30 tons, and 
was 100 feet long and 8 feet high. It contained 1,500 relays and 17,468 vacuum tubes. 

Those same tubes that made ENIAC possible in the first place, were also its 
Achilles' heel. Consuming 200 kilowatts of electricity each hour, the tubes turned the 
computer into an oven, constantly cooking its own components. Breakdowns were 
frequent, wnat was needed was somerl-jng that did the job of die/tuhes "'ithour the-'- 
heat, bulk, and fragility. And that something had been around since 1926. 

In 1926 the first semiconductor transistor was invented, but it wasn't until 1947, 
when Bell Labs' William Shockley patented the modern solid-state, reliable transistor, 
that a new era in computing dawned. The transistor did essentially the same thing a 
vacuum tube did— control the flow of electricity— but it was the size of a pea and gen- 
erated little heat. Even with the transistor, the few computers built then still used 
tubes. It wasn't until 1954, when Texas Instruments created a way to produce silicon ' 



transistors commercially, that the modern computer took off. That same year IBM in- 
troduced the 650, the first mass-produced computer. Business and the government 
bought 120 of them the first year. 

Four years later, Texas Instruments built the first integrated circuit by combining 
five separate components and the circuitry connecting them on a piece of germanium 
half an inch long. The integrated circuit led to the modern processor and has made a 
neverending contribution to smaller and smaller computers. 

The computer grew increasingly smaller and more powerful, but its cost, complex- 
ity, and unswerving unfriendliness kept it the tool of a technological elite. It wasn't 
until 1975 that something resembling a personal computer appeared. The January 
issue of Popular Electronics featured on its cover something called the Altair 8800, 
made by Micro Instrumentation and Telemetry Systems (MITS). For $367 customers 
got a kit that included an Intel 8080 microprocessor and 256 bytes of memory. There 
was no keyboard; programs and data were both entered by clicking switches on the 
front of the Altair. There was no monitor. Results were read by interpreting a pattern 
of small red lights. But it was a real computer cheap enough for anyone to afford. 
MITS got orders for 4,000 within a few weeks. 

The new computer was at first a toy for hobbyists and hackers. They devised clever 
ways to expand the Altair and similar microcomputers with keyboards, video displays, 
magnetic tape, and then diskette storage. Two hackers — Stephen Jobs and Steve 
Wozniak — created a persorfal computer that came complete with display, built-in key- 
board, and disk storage, and began hawking it at computer clubs in California. They 
called it the Apple, and it was the first personal computer that was powerful enough, 
and friendly enough, to be more than a toy. The Apple, along with computers from 
Radio Sliack and r.ommodore, oegan appearing in businesses, sometimes brought in,; ? 
behind the backs of the people in white lab coats who ran the "real," mainframe com- 
puters in a sealed room down the hall. The information services — or IS, as the 
professional computer tenders came to be called — disparaged the new computers as 
toys and at the same time they saw microcomputers as a threat to their turf. 

The development that finally broke the dam, unleashing microcomputers on a so- 
ciety that would forever after be different, was not a technical invention. It was a 
marketing decision IBM made when creating its first personal computer, the IBM PC. 




The first computer cheap 
enough for individuals to 
afford was the Altair 8800, 
created by a small New 
Mexico firm, MITS. It cost 
$367 without a keyboard 
or screen. 

Courtesy of 
The Computer Museum 




The Apple, introduced in 
1976, was an immediate 
hit partially because a 
program called Visicak. 
which did the math of an 
electronic ledgersheet, 
justified the computer as a 
business cost. 

Courtesy of Apple Corp, 



IBM wanted to keep the price down, and so it decided to build the computer from 
components that were already available, off the shelf, from several suppliers. IBM also 
made the overall design of the PC freely available to competitors. The only part of 
the machine IBM copyrighted was the BIOS, the crucial basic input/output system, 
computer code residing in a single chip that defined how software was to interact with 
the PC's hardware. The competition could create their own PCs as long as they dupli- 
cated the operations of IBM's BIOS without directly copying it. 

While Apple continued to keep its design proprietary, IBM's openness encouraged 
the creation of IBM clones that could use the same software and hardware add-ons 
the PC used. And the clones, while competing with IBM, at the same time helped es- 
tablish the IBM architecture as the machine that software and add-on hardware 
developers would design for. Precisely because the IBM PC was an evolutionary rather 
than revolutionary creation, it was able to create the critical mass needed to bring 
personal computers into every office and home. 
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'273 ' "' ' " " ' 

AGP (accelerated graphic port), 207, 319 
AGP expansion slots, 13 
Algorithms, 82 

print commands, 380 

sound cards, 301 
Alpha blending, 317 
Altair 8800, 7 

Alternating electrical current (AC), 198 

ALU (arithmetic logic unit), 124 

AM (amplitude modulation), 143 

American National Standards Institute (ANSI), 77 

Amplitude (56K modems), 251 

Amplitude modulation (AM), 143 



Analog current, 307 
Analog data 

digital comparison, 193 

signals, sampling, 194 
Analog devices (telephone systems), 245 
Analog local loop (56K modems), 250 
Analog- to-digital converter. See ADC 
Analytical Engine, 5 
Animation, full polygon, 318 
Annealing phase, erasing data (DVD-RAM), 295 
ANSI (American National Standards Institute), 77 
-ANT (attention line), 218 
Antivirus software, 99 
AOL (America Online), 35 1 
Apple conmputer, invention of, 7 
Application layer, network communications, 342 
Applications. See Software 
Arithmetic logic unit (ALU), 124 
ARPA (Advanced Research Projects Agency), 327 
ARPAnet, 327-328 
Arrays, CCD, 197 
ASCII, 117 

codes 

bitmapped fonts, 379 
printer, 382 

fonts, 379 

notation representations, 119-121 
Assembly language, 57-58 
Asynchronous DSL (ADSL), 347 
Atip (absolute timing in pregroove), 290 
Atomic microchips, 132 
Atoms, 142-143 
Attaching files to email, 351 
Attention lir<e. .?. 1 8 
Attributes (text), 100, 378 
Audio 

compression, 305, 309 

Internet, 355 
bandwidth, 355 
streaming, 355-357 
Audio controllers, portable computers, 260 
.AVI (audio/video interleave), 308-309 

B 

Babbage, Charles, 5 
Bandwidth, 347 



Internet audio and video, 355 

universal serial bus (USB), 215 
Baran, Paul, 327 
Baseball 3D (Microsoft), 318 
Basic input/output system. See BIOS 
Batteries 

PC cards, 262 

portable computers, 260 
Baud. See Bits per second 
Ben Day dots, 225 
Bias/reset bus, 23 1 
Bilinear filtering, 317 
Binary numbers, 109, 117, 123 

16-bit PCs, 113 

32-bit PCs, 113 

bits, 124 

transistors, 113, 124 
Binary trees, 87 

BIOS (basic input/output system), 13, 18-19 

drivers, 30-31 

interrupts, 28-29 

operating systems, 27 

plug and play, 32-33 
Bitmap tables (primers), 382 
Bitmapped fonts, 377-379 

ASCII, 379 

attributes, 378 

print commands, 378-379 
Bitmaps, 72, 92, 225 

color * 
8-bit, 93 
24-bit, 93 

bits per pixel requirements, 93 

RLE' (nm-iei^th;encod i n° ) -y^ u: — - : . « 
file extensions, 92 
header signature ID, 92 
pixels, 225 

DAC converters, 95 

locations, 92 

storing values in adapter frame buffer, 95 

turning on and off, 92 
Bits, 113, 118-121, 124, 145 
color bitmap pixel requirements, 93 
quantum, 133 



reading on disks, 144-145 

writing on disks, 144-145 
Bits per second, modems, 247 
BIU (bus interface unit), 127 
Blocks. See Clusters 
.BMP file extension, 92 
Boolean logic, 59, 113 
Boot program, 18 
Boot record, 22-23 
Boot-up, 4,11,17-19, 22-25 

operating systems, 2 1 

POST (power-on self-test), 11, 17, 21 
Brackets, session layers, 343 
Branch target buffers (BTBs), 127 
Branching, 59, 127 
Bricklin, Dan, 47, 80 
Bridges (Internet), 345 
Broadcast mediums, 348 
Browsing World Wide Web (WWW), 361 
-BSY (busy line), 218 
BTBs (branch target buffers), 127 
Buffers, printers, 382-383 
Bugs, 186 

Y2K 

Crouch-Echlin effect, 35 
software, 35 
Bus, 201 

EISA (Extended Industry Standard Architecture), 
202 

expansion cards, 201 

external (portable computers), 261 

ISA (Industry Standard Architecture) bus, 201 

local bus, 202 

— j .PCi (tferinherai O.minonerit.inreT^onp"'-^ 701.. . 
203,206 

VESA (Video Electronics Standards 
Association), 201, 203 
MCA (MicroChannel Architecture), 202 
traces, 201 

USB (universal serial bus), 209, 214-215 

bandwidth, 215 

host hub, 214 
Bus interface unit (BIU), 127 
Bus networks, 331, 334-335 
Bus speeds, 126 



Busy line, 218 
Bytes, 121 

C 

C programming language, 58 
Cable modems, 348-349 
Cables, 333 
Caches, 186, 365 

D-caches, 127 

I-caches, 127 

L2, 127 

processors, 125-126 
Caching 

hard drives, 161 

texture maps, 319 
Calculation engines, 91 
Calling routines, 58 
Cameras. See Digital photography 
Camouflage (viruses), 98 
Capacitance (touchpads), 236 
Capacitors, 15, 241 

closed, 119-121 

switches, 119-121 
Capture cards (Internet video), 358 
Carrier Detect (CD) signal, 246, 248 
Carrier signal, modems, 246 
Cases, 12 

"Cathode ray tubes (CRTs), 108 
CCD (charge-coupled device), 193, 196-197, 
241, 268 

CD (Carrier Detect) signal, 246-249 
CD-R (CD-Recordable), 287, 290-291 
Cp-Rewritabk (CS-.PS7), 2S7„. 294-295 . 
CD-ROMs, 287 " " 

constant linear velocity, 289 

drives, 12, 261,288-289 
CD-RW (CD-Rewritable), 287, 294-295 
CDB (command descriptor block), 219 
Celeron processors, 125 
Cells (spreadsheets), 80 

Central processing units (CPUs), 11-12, 17-18, 
123-124 

Centronics ports. See Parallel ports 
Characters, creating for 3D worlds, 318 
Charge-coupled device (CCD), 193, 196-197, 241 
Chassis, 12 



Chips 

EPROM (erasable, programmable, read-only 
memory), 31 

surface mounting, 15 
Chording (keyboards), 189 
Circuit boards, 14-15, 154455 
Clamping electrical noise (surge protectors), 199 
Clear to Send (CTS) signal, 248 
Client software (email), 351-352 
Clients, 331-332 
Clipboard, 72-73 
Clocks, 9, 13 

Closed capacitors, 119-121 
Clusters, 162 

contiguous, 166 

slack, 162 

tracks, 146. 

writing to disks, 149 
CMOS, 13,216 

chips, 19 
Coaxial cables, 333 
Code. See Source code 
Codecs 

interframe video compression, 358 

symbols 

56K modems, 251 
Codecs (compression/decompression), 358 

corrupt video packets, 359 

IP multicast video packets, 359 

UDP video packets, 359 
Color 

additive, 225, 388 

creating, 388-389 

digital ItjJ . processing; 23 i - . ^ . % 
display of, 77 
dithering, 389 
high color, 195 

LCDs, polarizing filters, 228-229 
monitors 

phosphor current streams, 95 

Super-VGA, 226 
subtractive color, 388 
Color bitmaps 
8-bit, 93 
24-bit, 93 



bits per pixel requirements, 93 
pixels, 95 

RLE (run-length encoding), 94 
Color printers, 388-389 

ink-jet, 390-391 

laser, 387, 392-393 

thermal, 387 
Colossus computer, 6 
Command descriptor block, 219 
Commenting source code, 103 
Common ground connection (serial ports), 212 
Communications applications, 78 
Compilers, 57 
Compound documents, 74 
Compressed volume, 163 
Compression 

audio signals, 309 

bitmaps, RLE (run-length encoding), 94 

disk compression, 162-163 

file compression, 164-165 

hard drives, 161 

lossless compression, 164 

lossy compression, 165 

MPEG (Motion Pictures Expert Group), 307 

video, 308-309, 358-359 
Computer Science Network (CSN), 328 
Computers 

booting, 4 

components, 12-13 

history of, 5-8, 109 

human interaction with, 188-189 

IBM PC, invention of, 39-41 

portable. See Portable computers 

Conductors, 142 
Configuration manager, 32 
Connections 

DSL, 346 

master, 216 

networks, 333 

point-to-point, 346 

slave, 216 

Constant angular velocity (magnetic disks), 289 
Constant linear velocity (CD-ROMs), 289 
Contact switches (joysticks), 241 
Contiguous clusters, 166 
Continuous-tone printing, 387 



Controller board, 3.5-inch floppy drives, 154-155 
Controllers, hard drives, 158 
Convergence, 267 
Cookies 

3. 5 -inch floppy drives, 154 

Zip drives, 170-171 
Cooperative multitasking, 68-69 

memory, 67 

queues, 69 

registers, 69 
Coprocessors, 124, 319 
Corrupt packets (video), 359 
CP/M-86 operating system, 52 
CPUs (central processing units), 11-12, 17-18, 
123-124 

CRC (cyclic redundancy check), 176 
CRTs (cathode ray tubes), 108, 226 

dot pitch, 227 

phosphors, 227 

raster scanning, 227 
CSNET (Computer Science Network), 328 
CTS (Clear to Send) signal, modems, 248 
Curie point, magneto-optical drives, 172 
CVF (compressed volume file), 163 
Cyberpuck, 239 

Cyclic redundancy check (CRC), 176 
Cyrix, 124 

D 

D-caches, 127 

D2T2 (dye diffusion thermal transfer) printers, 387 
DAC (digital-to-analog converter), 193-195, 309 

56K modems, 251 

zzvs.-uzir^ pL.cl /alues, 95 

S-VGA adapters, 226 

sound cards, 298 
Daisy chains, 217 

DAT (digital audio tape) drives, 169, 178-179 
Data, 77 

converting energy into, 193-196 

downstream, 347 

erasing, annealing phase (DVD-RAM), 295 
linking (databases), 80 
reading, RAM, 120-121 
saving, 30-31 



sharing 

OLE, 74-75 

Windows Clipboard, 72-73 
upstream, 347-348 
writing to RAM, 118-119 
Data bits (modems), 247 
Data caches, 127 
Data formats, 79 
Data gloves (virtual reality), 313 
Data lines (RAM), 118 
Data packet (modems), 247 
Data Set Ready (DSR) signal, 246 
Data storage, history, 136-138 
Data Terminal Ready (DTR) signal, 246 
Data transfers 
Internet, 341,344 

bridges, 345 

gateways, 345 

hubs, 345 

packets, 344 

protocols, 344 

repeaters, 345 
priorities, 215 
Data types, 79, 84 

Data-link layer (network communications), 342 
Database managers, 78-80 

flat file, 79 

relational, 79 
Databases, 78 

data types, 84 

fields, validating data, 84 

finding records, 84 

fixed-length fields, 84 
f^ m <-»>-» 

Indexes, 86-87 
memo files, 85 
pointers, 86 
records, 84, 86-87 
relational, 88-89 
reports, 89 
tables, 88 

variable-length fields, 85 
DC (direct current), 198 
Decimal numbers, 145 
Decoders (processors), 127 
Decompression, hard drives, 161 
Deep Blue, 104 



Defragmenting 

disks, 166-167 

hard drives, 161 
Deleting files from disks, 148 
Delivery (viruses), 98 
Delta (video), 308 
Demodulating modems, 245 
Desktop publishing, 374 
Detector, CD-ROMs, 288 
Device drivers, 31,33 
Diamonds, building microchips with, 132 
Dictionary, file compression, 164 
Digital audio tape (DAT) drives, 169, 178479 
Digital cameras, 196*197 
Digital data, 193-194 
Digital devices, PCs,- 245 
Digital light processing, 230 

address electrodes, 230 

bias/reset bus, 23 1 

hues of color, creating, 231 

landing pads, 231 

LCD projectors, 230 

mirrors as pixels, 231 

torsion hinges, 230 
Digital photography, 267 

ADCs (analog-to-digital converters), 269 

CCDs (charge-coupled devices), 268 

DSPs (digital signal processors), 269 

image storage, 269 
Digital signal processors. See DSPs 
Digital sound, 302-303 
Digital subscriber lines. See DSL connections 
Digital video disc. See DVDs 
Digi tal- to-ana;og con v Sec O AC - . •* 
Digitizing tablets (pointing devices), 233 
DIMMs (Dual In-line Memory Modules), 121 
Diode vacuum tubes, 6 
Diodes 

3.5-inch floppy drives, 155 

flatbed scanners, 255 
Dip switches, 15 
Direct current (DC), 198 
Disk caching. See Caching 
Disk defragmenting, 166-167 
Disk operating system (DOS), 52, 141, 146 
Disks 

3. 5 -inch disks, 153 

5.25-inch floppy disks, 154 



deleting files, 148 , 

formatting, 146 

magnetic. See Magnetic disks 

reading 

bits, 144-145 

files from, 150-151 
writing to, 148 

bits, 144-145 

clusters, 149 

end of file marker, 149 
Zip, 170-171 
Display drivers, 101 
Displays 
additive color, 225 
Ben Day dots, 225 
bitmaps, 92, 225 

color, 93 

file extensions, 92 
. pixel locations, 92 
pixels, 95, 225 

RLE (run-length encoding), 94 
digital light processing, 230 

address electrodes, 230 

bias/reset bus, 231 

hues of color, 231 

landing pads, 231 

LCD projectors, 230 

mirrors as pixels, 231 

torsion hinges, 230 
eyepiece displays, 259 
LCDs (Liquid Crystal Displays), 228-229 

active-matrix, 228-229 

passive-matrix, 228-229 

palmtop PCs, 264 
phosphor current streams, 95 
portable computers, 261 
Super- VGA monitors 
adapters, 226 

CRTs (cathode-ray tubes), 226-227 
interlaced, 227 

magnetic deflection yokes, .226 

possible colors, 226 

refresh rates, 226 

shadow masks, 227 
Distribution hubs, 348 
Dithering (color), 389 



DLLs (dynamic link libraries), 70-71, 74-75 
DNS (Domain Name System), Web browsers, 363 
Docking stations (portable comptuers), 261 
Documents 

compound, 74 

formats, 72 
Dolby sound, 302-303 
Domain Name System, 363 
Domain names, 341 

email, 352 

URLs, 362 
DOS (disk operating system), 52, 141, 146 
Dot matrix printers, 377, 382-383 
Dot pitch (CRTs), 227 
Dots, color printing, 389 
Double buffering, 319 
Downstream data, 347 
Drain (silicon), 114-115 
DRAM (Dynamic random access memory), 121 
Drawing vector graphics, 97 
Drive arrays (hard drives), 157 
Drivers 

BIOS, 30-31 

devices, 3 1 , 33 
Drives 

CD-ROM, 12, 288-289 

DVD, 13 

floppy, 12 

floptical, 173 

hard, 12 

magneto-optical, 172 
portable computers, 261 
removable, 12 

tape, 12 

DAT (digital audio tape), 178-179 
QIC (quarter-inch cartridge), 176-177 
DSL (digital subscriber line) connections, 346-347 
modems, 245 
predictions about, 369 
transmission rates, 347 
DSPs (digital signal processors), 269 
MIDI (musical instrument digital interface), 

300-301 
sound cards, 299 
DSR (Data Set Ready) signal, 246 
DTR (Data Terminal Ready) signal, 246 



Dual In-line Memory Modules (DIMMs), 121 
Dual-ported memory, 319 
Dumb terminals, 332 
Duplexes (modems) 

full-duplexes, 247 

half-duplexes, 247 
DVD-RAM, 294-295 

DVDs (digital video discs), 13, 287, 292-293 
Dvorak keyboard, 189 

Dye diffusion thermal transfer (D2T2) printers, 387 
Dynamic link libraries (DLLs), 70-71, 74-75 
Dynamic random access memory (DRAM), 121 

E 

E-books, 397 

ECCs (Error Correcting Codes), 121 
Edge connectors, 15 
Edison, Thomas, 45, 108 
Edison effect, 108 

EDO RAM (Extended Data Out random access 

memory), 121 
EIDE (Enhanced Integrated Device Electronics), 

209, 216 

EISA (Extended Industry Standard Architecture) 

bus, 202 
Electric arcs, 187 
Electrical noise, 187, 199 
Electricity, 142 

converting into data, 193-196 

resistance, 187 

speed, 186-187 

surge protectors, 199 

. UPS, 198 ^ *> ----- 

-- - Ekcii^^^cic'(EM) fields, 142-143 
Electromagnetic radiation spectrum, 143 
Electromagnetism, 142-143, 187 
Electromagnets, printers, 383 
Electronic ink, 396-397 
Electronic mail. See Email 
Electronic Numberical Integrator Analyzer and 

Computer (ENIAC), 6 
Electrons, 142 

EM (electromagnetic) fields, 142-143 
Email, 351 

AOL (America Online), 351 

attaching files, 351 

client software, 351-352 



domain name server, 352 
gateways, 352 
LAN, 351 
list server, 351 
mail reflector, 351 
mailing lists, 351 

POP (post office protocol), 351, 353 
routers, 352 
sending, 352-353 
server software, 35 1 

SMTP (simple mail transfer protocol), 351-352 
Embedding (OLE), 75 
Encoders, mouse, 234 
End of file marker (writing to disks), 149 
Energy, converting into data, 193-196 
Enhanced Intregrated Device Electronics (EIDE), 
209, 216 

ENIAC (Electronic Numberical Integrator Analyzer 

and Computer), 6, 46 
Enumerators, 32-33 

EPROM chips (erasable, programmable, read-only 
memory), 31 

Eraserheads (pointing devices), 233 

Erasing data, annealing phase (DVD-RAM), 295 

Ergonomics, keyboards, 221 

Error Correcting Codes (ECCs), 121 

Error correction 
parity bits (modems), 247 
quarter-inch cartridge tape drives, 177 

Ethernet cards, 333 

Ethernet networks, 331, 334-335 

Event watching (viruses), 98 

Expansion bus. See Bus 

Expansion slots, i J, 20i-2Uz 
Extended Data Out random access memory (EDO 
RAM), I2l 

Extended Industry Standard Architecture (EISA) 
bus, 202 

Extensible markup language (XML), 37 1 
External bus (portable computers), 261 
Eyepiece displays, 259 

F 

Fans, 13, 260 

Fast Ethernet networks, 333 



FAT (file allocation table), 146, 159 
Fat clients, 332 

Feature extraction (OCR), 257 

Fetch/decode unit (processors), 127 

FID (Fingerprint Identification) software, 272-273 

Field programmable gate arrays (MP3 players), 305 

Fields, 79 

CRT raster scanning, 227 

validating data, 84 
File allocation table (FAT), 146, 159 
File compression 

dictionary, 164 

LZ (Lempe and Ziv) adaptive dictionary-based 
algorithm, 164 

zipping files, 164 
File server, 331 
Files 

attaching to email, 351 
bitmapped 

color, 93 " 

extensions, 92 

header signature IDs, 92 

pixel location data, 92 

pixels, 95 

RLE (run- length encoding), 94 

compressing, 358-359 

deleting from disks, 148 

fragmented, 166 

reading from disks, 150-151 

restoring from tapes, 177, 179 

system, 9 

zipping, 164 
Fills (vector graphics), 97 
■FilteKhg*da^^^ o ;: 

Filters, polarizing (color LCDs), 228-229 
Fingerprint recognition, 267 

IVS (indentity verification system), 273 

software, 272 
Firing chambers (color ink-jet printers), 390-391 
Firmware, printer fonts, 380 
Fixed-length fields, 84 
Rash memory (RAM), 117 
Rat file database managers, 79 
Ratbed scanners, 253-255 

ADC (analog- to-digital converter), 255 

diodes, 255 
Reming, John, 6, 108 



Floating point numbers 

MMX, 128 

Pentium III, 129 

processors, 124, 126 
Floating point unit (FPU) 

MMX, 128 

Pentium III, 129 
Floppy disks. See Disks 
Floppy drives, 1 2 

3.5 -inch floppy drives, 153 

5. 25 -inch floppy drives, 153 

portable computers, 261 
Floptica disks, 173 
Floptical drives, 173 
Flow charts, 59 

FM (frequency modulation), 143 
FM synthesis, sound cards, 301 
Focusing coil (CD-ROMs), 288 
Fogging, 317 
Fonts 

ASCII, 379 

attributes, 378 

bitmapped, 377-379 

outline, 377, 380-381 

printer commands, 381 
. printers, firmware, 380 . 
Force-feedback joysticks, 239, 242-243 
Formats (sharing data), 72-73 
Formatting 

disks, 141, 146 

inline, 100 

text, 100-101 
Forms (databases), 89 
Foiruulb. (spreadsheets), 90-91 
FPU (floating point unit) 

MMX, 128 

Pentium III, 129 
Fragmented files, 166 
Frame buffers (video adapters), 95 
Frankston, Bob, 80 
Freeware, 49-50 

Frequency modulation (FM), 143 
Full adders, 113 
Full polygon animation, 318 
Full-duplux modems, 247 
Functions, sharing (Windows), 70-71 
Fusing systems (laser printers), 384 



Future of computing, 38-41 

I/O, 276-279 

Internet, 368-371 

microchips, 130-133 

multimedia, 320-323 

pancomputer, 40-41 

printers, 396-397 

software, 102-105 

storage, 180-183 
Fuzzy logic, 104 

G 

G-Lite DSL, 347 
Game controllers 
Cyberpuck, 239 
joysticks, 239-241 

force-feedback, 239, 242-243 
pointing devices, 233 
sensing positions, 241 
top hat, 241 

X-Y axis coordinates, 240 
Y-adapter, 240 
yokes, 240 

Gateway software, AOL (America Online), 351 
Gateways 
email, 352 

Internet, data transfer, 345 
; GDI (graphic device interface), 66, 72-73 
Gesture recognition, 267 
Gigabit Ethernet networks, 333 
GPSs (global positioning systems), 267, 270-271 
Graffiti (handwriting recognition), 265 

Graphical user interfaces (GDIs), 65, 61 
Graphics 
3D, 319 
bitmapped files 

file extensions, 92 

header signature IDs, 92 
bitmaps 

8-bit, 93 

24-bit, 93 
compression, 165 
object-oriented, 72 
vector, 96 

changing attributes, 97 

point locations, 96 

viewing transform, 97 




Graphics applications, 82-83 

bitmapped graphics, 92-95 

vector graphics, 96-97 
Graphics Device Interface (GDI), 72-73 
Graphics programs, 78 
Group coding (modems), 247 
GUIs (graphical user interfaces), 65, 81 

H 

Half adders, 113 

Half-duplex modems, 247 

Hand-held PCs, 259, 264-265 

Hand-held scanners, 253 

Handshake (modems), 247 

Handwriting recognition (palmtop PCs), 265 

Hard drives, 12 

access time, 161 

caching, 161 

compression, 161 

decompression, 161 

defragmenting, 161 

drive arrays, 157 

functions of, 158-159 

history, 137-138, 157 

MO (magneto-optical), 181-182 

OAW (optically-assisted Winchester), 181-182 

platters, 157 

predictions about, 180-183 
read/write heads, 137 
removable, 174-175 
speed of, 161 
storage, 161 

1 / 0 > ■ « 

Hardware tree, 33 

Head actuators (hard drives), 158-159 
Headers 

bitmaps, 92 

documents, 100 
Helmets (virtual reality), 313 
Hertz (Hz), 143 
Heruistic detectors, 99 
HFC (hybrid fiber coaxial) cable, 348 
Hidden views, 315-316 
High color, 195 

High-level programming languages, 57 
Hollerith, Herman, 6 



Holographs 

3D projections, 278 

storage, 182-183 
Hooper, Grace, 186 

Horizontal positions (vector graphics), 96 
Host computers, 332 

Host hub, universal serial bus (USB), 214 

HS (High Speed) modems, 249 

HTML (hypertext markup language), URLs, 362 

HTTP (hytertext transfer protocol), URLs, 362 

Hubs 

3. 5 -inch floppy drives, 154 

Internet, data transfer, 345 

star networks, 336 
Human/computer interaction, 188-189 
Hybrid fiber coaxial (HFC) cable, 348 
Hyperlinks, 362 
Hz (hertz), 143 

I 

I -caches, 127 
I/O devices 
advances, 189-190 

human/computer interaction, 188-189 

predictions about, 276-279 

speed of electricity, 186-187 
12 (Internet), 369 
IBM 

650 computer, 7 

founding of, 6 

PC, invention of, 7-8, 39-41 
IDE (integrated drive electronics) 

•* - coniiicti^iSf i'l-rrt'^>^ ^. _ 
disk cohrjrblier^'D, 30-3 1 
hard drives, 158 
Images 

storing (digital photography), 269 
vector, 96 

changing attributes, 97 

point locations, 96 

viewing transform, 97 
Immersion (virtual reality), 311-312 
IMP (interface message processor), 328 
Impact printers, 382-383 
Indexes (databases), 80, 86-87 
Industry Standard Architecture. See ISA 



Infrared lasers, CD-RW (CD-Rewritable), 295 
Infrared ports (portable computers), 261 
Initiator (SCSI controllers), 218 
Ink-jet printers, 387, 390-391 
Inline formatting, 100 
Input, 58 

Input plane (palmtop PCs), 265 
Input/output controllers, 201 
Instruction caches, 127 
Instruction pool, 127 

Integrated services digital network (ISDN), 

245, 309 
Intel processors 

8088, 124 

80x86, 124 

Gordon Moore, 130 

Pentium, 124-127 
MMX, 128 
Pentium III, 129 
Interaural intensity difference (sound), 304 
Interaural time difference (sound), 304 
Interface message processor (IMP), 328 
Interfaces, future developments, 40-41 
Interframe video compression, 358 

corrupt packets, 359 

IP multicast packets, 359 

UDP packets, 359 
Interlacing, Super- VGA monitors, 227 
Internet, 326-327, 341 

access 

routers, 344 

through T-connections, 344 
audio, 355 

bandwidth, 355 

streaming, 355-357 
data transfer, 341, 344 

bridges, 345 

gateways, 345 

hubs, 345 

packets, 344 

protocols, 344 

repeaters, 345 
history, 327-328 
multimedia and, 283 
as organism, 326 
predictions about, 368-371 
structure, 327 



video, 355, 358-359 

bandwidth, 355 

capture cards, 358 

corrupt packets, 359 

IP multicast packets, 359 

streaming, 355 

UDP packets, 359 
World Wide Web (WWW), 361 
Internet provider (IP), 363 
Interner.2 (12), 369 
Interpreters, 57, 62-63 
Interrupt, 28-29 
Interrupt controller, 28-29 
Interrupt return (IRET), 29 
Interrupt tables, 29 
Interrupt transfers, 215 
Interrupt vectors, 29 
Iomega Zip drives, 1 70- 1 7 1 
IP (Internet provider), 363 
IP packets, 348, 359 
IRET (interrupt return), 29 
ISA (Industry Standard Architecture) 
bus, 201 

expansion cards, 204 
expansion slots, 202 
ISDN (integrated services digital network), 24 *\ 
309 

Isochronous, highest priority data transfers, 215 
IVS (Identity Verification System), 273 

j 

Jacquard, Joseph Marie, 45 

- T ^va prograrnming language ; 5 *? ' 

JEU (jump execution unit)ri2'6 

JND (just noticeable difference), 303 

Jobs, Stephen, 7 

Johnson, Regnold B., 137 

Jot (handwriting recognition), 265 

Joysticks, 239-241 

force-feedback, 239, 242-243 

pointing devices, 233 

sensing positions, 241 

top hat, 241 

X-Y axis coordinates, 240 
Y-adapter, 240 
yokes, 240 
JPG file extension, 92 



] umber pins, 15 

Jump execution unit (JEU), 126 
Just noticeable difference (JND), 303 

K 

Kasparov, Garry, 104 
Kernels, 58 
Key bytes, 94 
Keyboards, 221-223 

chording, 189 

Dvorak keyboards, 189 

ergonomics, 221 

portable computers, 261 

ports, 13 

scan codes, 222-223 
KHz (kilohertz), 143 
Killer apps, 47 
Kinetoscope, 45 

L 

L2 caches, 127 

Landing pads (digital light processing), 231 
Lands 

CD-ROMs, 288 

DVDs, 292 
LANs, 331,344 

cables, 333 

clients, 332 

connecting, 333 

email, 351 

nodes, 332 

pe.er-ro-neer ne^orV-s ^? 

phcnc/pe-er line, 33S- 339 

servers, 332 
Laptops. See Portable computers 
Laser printers, 384-385, 392-393 
LCDs (Liquid Crystal Displays), 312 

color, 228-229 

palmtop PCs, 264 

LCDs, 228-229 

projectors, 230 
Light-emitting diode (LED), 241 

3. 5 -inch floppy drives, 155 

force-feedback joysticks, 243 
Light-sensing diode (CD-ROMs), 289 
Line conditioning, 199 



Link markers, 74 

Linking (OLE), 74 

Linking data (databases), 80 

Liquid Crystal Displays. See LCDs 

List server (email), 351 

Local area networks. See LANs 

Local bus, 202 

PCI (Peripheral Component Interconnect), 
202-203, 206 

Video Electronics Standards Association (VESA), 
202 

Local control loop (force-feedback joysticks), 243 
Logic board (hard drives), 158 
Logic gates, 113 

Logic tests (database managers), 79 
Lossless compression, 164 
Lossy compression, 308 
Lotus 1-2-3, 49 

Low-level programming languages, 57 
Luddites, 45 

LZ (Lempe and Ziv) adaptive dictionary-based 
algorithm, 164-165 

M 

Machine language, 57, 117 
Macros, 51,98 

Magnetic deflection yokes (Super- VGA monitors), 
226 

Magnetic disks, 141 

constant angular velocity, 289 

electromagnetism, 142-143 

formatting, 141 
1 ^cctor^Ui; 146' ; > - ^ ". *. 

tracks, 141, 146 

magnetic film, 144 
Magnetic drives, read/write heads, 141, 144 
.Magnetic film (magnetic disks), 144 
Magneto-optical (MO) drives, 172, 181-182 
Mail reflector (email), 351 
Mailing lists (email), 351 
Mainframe computers, 46 
Manchester Mark I computer, 46 
Master connections, 216 
The Matrix, 320 
Matrix matching (OCR), 256 



MCA (MicroChannel Architecture), 202 

Memo files, 85 

Memory 

addresses (PC cards), 262 

caches, 186 

cooperative multitasking, 67 
dual-ported, 319 
nonvolitile, 262 

RAM (random access memory), 9 
address lines, 118 
capacitors, 119-121 
data lines, 118 

DIMMs (Dual In-line Memory Modules), 121 
DRAM (Dynamic random access memory), 121 
ECCs (Error Correcting Codes), 121 
EDORAM (Extended Data Out random access 

memory), 121 
flash memory, 117 
PC cards, 262 
reading data from, 1 20- 1 2 1 
SDRAM (Synchronous DRAM), 121 
SIMMs (Single In-line Memory Modules), 121 
SRAM (Static random access memory), 121 
switches, 119-121 
transistors, 118 

VRAM (Video random access memory), 121 
writing to, 118 
registers (PC cards), 262 
ROM, 9 
swapping, 68 
virtual, 67-68 
Windows, 66-67 
Memory registers, 18 
1 demory-resident viruses : 9 R 
Menus (Windows), 65 
Merkle, Ralph, 131 
Metafiles, 72 

streaming audio, 356 

decoding packets, 356-357 
launching players, 356-357 
transferring packets, 356-357 
Metal-oxide varistor (MOV), 199 
Metatext (search engines), 367 
Micro Instrumentation and Telemetry Systems 

(MITS), 7 
Micro-operations (processors), 127 
MicroChannel Architecture, 202 



Microchips. See also Processors 
atomic, 132 
clocks, 9 

invention of, 39-41 
optical, 132 

portable computers, 259 

predictions about, 130-133 

quantum, 132-133 

traces, 130-131 

transistors, 113 
Microprocessors. See Processors 
Microsoft Baseball 3D, 318 
MIDI (musical instrument digital interface), 
300-301 

MIME (multipurpose Internet mail extensions), 351 

Minicompilers (spreadsheets), 90 

MIP (multum in parvum) mapping, 316 

Mirror sites (Web browsers), 363 

Mirrors as pixels (digital light processing), 231 

MITS (Micro Instrumentation and Telemetry 

Systems), 7 
MMX, 128 

MO (magneto-optical) drives, 172, 181-182 
Modems, 13, 245-248 

56K, 250-251 

cable, 348-349 

demodulating, 245 

DSL (digital subscriber line), 245 

ISDN (integrated services digital network), 245 

lights, 249 

modulating, 245 

portable computers, 260 
Modulating modems, 245 

modules," iuS-iCn ^ ^ "' '* : ^^-^ • **- . > > 
Monitors. See Displays 
Moore, Gordon, 130 
Motion capture, 318 

Motion Pictures Expert Group (MPEG), 308 
Mouse, 233 

encoders, 234 

pointing devices, 234-235 

ports, 13 
MOV (metal-oxide varistor), 199 
MP3 music, 305 

MPC-3 (Multimedia PC 3), 282 

MPEG (Motion Pictures Expert Group), 308 



MR (Modem Ready) modems, 249 
Mu-law codec (56K modems), 251 
Multichannel sound, 302 
Multimedia 

applications, 78 

CDs, 283 

Internet and, 283 

predictions about, 320-323 

sound. See Sound 

standards, 282 

video, 308-309 

virtual reality, 283-284 
Multimedia PC 3 (MPC-3), 282 
Multipurpose Internet mail extensions (MIME), 351 
Multitasking. See Cooperative multitasking 
Multum in parvum (MIP) mapping, 316 
Music, MP3, 305 

Musical instrument digital interface (MIDI), 
300-301 

N 

N-type silicon, 114-1 15 
NAP (network access point), 345 
Near-field recording (hard drives), 181 
Network communications, 342 

application layer, 342 

data-link layer, 342 

network layer, 342 

physical layer, 343 

presentation layer, 342 

session layer, 343 

transport layer, 343 
Network interface cards. See NICs 
K c c w oik layer (network communica ti oris ) , 34?«.- " — - ^ 
Network topologies 

Ethernet, 331 

star, 331 

token ring, 33 1 
Networks 

cables, 333 

clients, 331-332 

connecting, 333 

Ethernet, 334-335 

neural, 104 

nodes, 33 1 

peer-to-peer, 331-332 
phone/power line, 338-339 



servers, 331-332 

stars, 336-337 
Neural networks, 104 
Neutrons, 142 

NICs (network interface cards), 333 

cable modems, 349 

DSL connections, 346 
Nodes 

Ethernet networks, 335 

LANs, 332 

networks, 33 1 

star networks, 336-337 

transceivers (Ethernet networks), 334 
Noise reduction, 302 
Nonconductors, 142 
Nonvolatile memory, 262 
Norton, Peter, 49 

Notebook PCs. See Portable computers 

O 

OAW (optically-assisted Winchester) hard drives, 
181-182 

Object linking and embedding. See OLE 
Object-oriented graphics, 72 
Objects (OLE), 74 

OCR (optical character-recognition), 253, 256-257 

degradation, 256 

matrix matching, 256 

spelling checker, 257 
OEM (original equipment manufacturer) text, 72 
OEM Service Release 2 (OSR2), 163 
Offline storage, 136 
^Offline UPS, 198 

■ JDl^^ " 
OH (Off-Hook) modems, 249 
OLE (object linking and embedding), 74-75 

compound documents, 74 

DLLs, 74-75 

embedding, 75 

linking, 74 

objects, 74 

reminders, 74 
OLECLI.DLL file, 74 
Online UPS, 198 

OPC (organic photoconducting cartridge), 385 



Operating systems, 21, 51-53 

BIOS (basic input/output system), 27 
drivers, 30-3 1 
interrupts, 28 
plug and play, 32-33 
CP/M-86, 52 
DOS, 52 
functions of, 27 
OS/2, 53 
Windows, 53-54 
Optical character-recognition. See OCR 
Optical grayscale position sensor (joysticks), 241 
Optical microchips, 132 
Optical mouse, 235 

Optically-assisted Winchester (OAW) hard drives, 
181-182 

Organic photoconducting cartridge (OPC), 385 
Original equipment manufacturer (OEM) text, 72 
OS/2, 53 

Oscillation valves, 108 
OSR2 (OEM Service Relese 2), 163 
Outline fonts, 377, 380-381 
Output, 58 

P 

P-type silicon, 114-115 
Packets 
data transfers (Internet), 344 
IP, cable modems, 348 
streaming audio 

decoding from server, 356-357 
transferring from server, 356-357 
video compression 
corrupt, 359 
IP multicast, 359 
UDP, 359 
Palmtop PCs, 259, 264-265 
Palo Alto Research Center (PARC), 189 
Pancomputer, 40-41 
Paperless office, 374 
Parallel ports, 13, 209-211 
select line, 210 
strobe, 210 
Parallel processing, 131 
PARC (Palo Alto Research Center), 189 



Parent tables, 88 
Parity bits (modems), 247 
Parsing, 58 
Passive UPS, 198 

Passive-matrix color LCDs, 228-229 
PC cards (portable computers), 261-263 
PC-Talk, 49 

PCI (Peripheral Component Interconnect) local 

bus, 202-203, 206 
PCI expansion slots, 13 
PCs 

digital devices, 245 
invention of, 7-8 
.PCX file extension, 92 

PDA (personal digital assistant), 259, 264-265 
Peer-to-peer networks, 331-332 
Pentium processors, 124-127 

486 comparison, 124 

branching, 127 

BTBs (branch target buffers), 127 

decoders, 127 

fetch/decode unit, 127 

floating point numbers, 126 

instruction pool, 127 

JEU (jump execution unit), 126 

micro-operations, 127 

MMX, 128 

Pentium III, 129 

ReOrder Buffer, 127 

retirement units, 126 

speculative execution, 127 

Xeon processors, 125 
Perceived sound, 304 
Perception, 321 i> '^>v - . 
Peripheral Gbrriponent IM*:ico'hnecr (PCI) local 

bus, 202-203, 206 
Personal digital assistant, 259, 264-265 
Perspective correction (virtual reality), 316 
Phase change technology, rewriting to disc, 294 
Phoenix and Award BIOS chips Web sites, 37 
Phone line networks, 338-339 
Phosphor current streams (color monitors), 95 
Phosphors (CRTs), 227 

Photo-sensitive diode (3.5-inch floppy drives), 155 
Photodiodes, 172, 194 

Physical layer, network communications, 343 
Piezo controller, solid- ink color printers, 394 



Piezoelectric sensors (joysticks), 241 
Pin connectors, 15 
Pipelining, 125 
Pits 

CD-ROMs, 288 

DVDs, 292 
Pixelation, 316 
Pixels, 225 

bitmaps, turning on and off, 92 

color bitmaps, bit requirements, 93 

location data, 92 

mirrors as, digital light processing, 23 1 
values, 95 
virtual, 93 
Platters (hard drives), 157 

Players (audio), launching with metafiles, 356-357 
Plug and play, 32-33 

Point locations (drawing vector graphics), 96 
Point-to-point connections, 346 
Pointers, 86, 90 
Pointing devices, 190 
digitizing tablets, 233 
eraserheads, 233 
joysticks, 239-241 

force-feedback, 239, 242-243 
pointing devices, 233 
sensing positions, 241 
top hat, 241 

X-Y axis coordinates, 240 
Y-adapter, 240 
yokes, 240 
mouse, 233 
encoders, 234 

ports, 13 

pointing sticks, 237, 261 

touch pads, 233, 236 

touch screens, 233 

trackballs, 233-234 
Pointing sticks (portable computers), 237, 261 
Polarization (magneto-optical drives), 172 
Polarizing filters (color LCDs), 228-229 
Polygons 

3D graphic acceleration, 314-316 

full animation, 318 
POP (post office protocol), 351, 353 



Portable computers, 259 

components of, 260-261 

eyepiece displays, 259 

LCDs, 228-229 

palmtop PCs, 259, 264-265 

PC cards, 261-263 

voice recognition, 259 
Ports, 209 

IDE (integrated drive electronics), 216 

EIDE (Enhanced Integrated Device Electronics), 
209, 216 

keyboard, 13 

mouse, 13 

parallel, 13,209-211 

SCSI (Small Computer System Interface), 209, 
217-219 - 

serial, 13,209,212-213 

USB (universal serial bus), 13, 214-215 
Possible colors, Super- VGA monitors, 226 
POST (power-on self-test), 11, 17-19 
Post office protocol (POP), 351, 353 
Potentiometer (joysticks), 241 
Power line networks, 338-339 
Power sags, 199 
Power supplies, 12 
Power surges, 199 

Power-on self-test (POST), 11, 17-19 
Predictions, 38-41 

I/O, 276-279 

Internet, 368-371 

microchips, 130-133 

multimedia, 320-323 

printers, 396-397 

storage, 180-183 
Presentation layer (network communications), 342 
Primary keys (tables), 88 
Print cartridge (color ink-jet printers), 390 
Print commands 

algorithms, 380 
. bitmapped fonts, 378-379 
Print servers, 331-332 
Printer commands (fonts), 381 
Printers, 377 

advances, 374 

color, 388-389 
ink-jet, 390-391 
laser, 387, 392-393 
thermal, 387. £< t 



control codes, 382 

dot matrix, 377, 382-383 

dye diffusion thermal transfer (D2T2), 387 

fonts, firmware, 380 

impact, 382-383 

ink-jet, 387 

laser, 384-385 

predictions about, 396-397 

solid-ink, 387, 394-395 

tandem, 393 

write-black, 384 

write-white, 384 
Printing pins, 383 
Priorities (data transfers) 

interrupt transfers, second highest, 215 

isochronous, highest priority, 215 

time permitting, 215 
Privacy issues 

future of computers and, 41 

Pentium III serial numbers, 129 
Processors, 28-29, 123. See also Microchips 

arithmetic functions, 124 

caches, 125-126 

coprocessors, 124 

CPUs (central processing units), 123-124 

floating-point numbers, 1 24 

Intel 

486, 124 

8088, 124 

80x86, 124 

Pentium. See Pentium processors 

parallal processing, 131 

pipelining, 125 

registers, 69 
Program counter, 18 
Program flow, 60-61 
Programming 

defined, 44 

history, 46-47 
Programming languages, 57 

assembly language, 57-58 

C, 58 

high-level, 57 
interpreters, 62-63 
Java, 58 
low-level, 57 
machine language, 57 



program flow, 60-61 

software construction, 58-59 
Protocols, 344 
Protons, 142 

Proxy servers (Web browsers), 363 

PSTN (public switched telephone network), 251 

Pulse code modulation (56K modems), 251 

Q 

QIC (quarter-inch cartridge) tape drives, 169, 

176-177 
Quantum bits, 133 
Quantum microchips, 132-133 
Qubits (quantum bits), 133 
Queries, 79 
Queues, 69 

R 

R-axis (joysticks), 241 

Radio receivers, GPSs, 271 

RADSL (rate adaptive DSL), 347 

RAM (random access memory), 9, 21, 117, 307 

address lines, 118 

capacitors, closed, 119-121 

data, writing, 118-119 

data lines, 118 

DIMMs (Dual In-line Memory Modules), 121 
DRAM (Dynamic random access memory), 121 
ECCs (Error Correcting Codes), 121 
EDO RAM (Extended Data Out random access 

memory), 121 
flash memory, 117 
*** PC cards," 26T' v * ' ' ' ; 4 - *^ 

portable computers, 260 
printers, 382 

reading data from, 120-121 
SDRAM (Synchronous DRAM), 121 
SIMMs (Single In-line Memory Modules), 121 
SRAM (Static random access memory), 121 
switches, 119-121 
transistors, 118 

VRAM (Video random access memory), 121 
RAMAC Disk File, 137 
Random access, 307 
Random access memory. See RAM 
Raster scanning (CRTs), 227 



Rate adaptive DSL (RADSL), 347 
RD (Receive Data), modems, 249 
Read-only memory (ROM), 9, 32 
Read/write heads, 137 

3.5-inch floppy drives, 154-155 

function of, 144-145 

hard drives, 159 

magnetic drives, 141, 144 
Reading 

bits from disks, 144-145 

data, RAM (random access memory), 120-121 

files from disks, 150-151 
Real-time clock, 13 
Receive Data line (modems), 246 
Receivers (GPSs), 271 
Record structures, 84 
Records, 79 

finding, 84 

fixed-length fields, 84 

modifying, 84 

storage, 86-87 

variable-length fields, 85 
Red lasers (DVD-RAM), 295 
Refresh rates (Super- VGA monitors), 226 
Registers, 58 

memory (PC cards), 262 

processors, 69 
Relational databases, 79, 88-89 
Reminders (OLE), 74 
Removable drives, 12 
Removable storage 

DAT (digital audio tape) drives, 178-179 

hard drives, 174-175 

Q jr> (quarter-inch cartridge) ran** Hrives, ! 76-177 
tape drives, 169 * * ~ * 

Rendering engines, 315 

ReOrder Buffer (processors), 127 

Repeaters (Internet), 345 

Replication (viruses), 98 

Reports (databases), 79, 89 

-REQ line, 219 

Request to Send signal. See RTS signal 

Requestor line, 219 

Resistance, 187 

Resistors, 15, 194, 199 

Resolution, analog/digital converters, 195 

Resource arbitration, 33 



Restoring files from tapes, 177, 179 
Retirement units (processors), 126 
Reverb (sound), 304 

Reverse Polish notation (spreadsheet formulas), 90 

Ribbon cables, 15, 217 

Rich text format (RTF), 72 

RLE (run-length encoding), 94 

ROM (read-only memory), 9, 32 

Routers 

email, 352 

Internet access, 344 

Web browsers, 363 
Routines, 58 

calling, 58 

sharing (Windows), 70-71 
RS-232 ports, 13, 209, 212-213 
RTF (rich text format), 72 
RTS (Request to Send) signal, 248 
Run-length encoding (RLE), 94 

S 

Sampling analog signals, 194 
Satellites, GPSs, 270 
broadcast signal timing, 271 
radio receivers, 271 
Saving data, 30-3 1 
Scan codes (keyboards), 222-223 
Scanners, 196-197, 253 
degradation, OCR (optical character- 
recognition), 256 
fingerprint recognition 

IVS (identity verification system), 273 
- c. .--^» s °ftssKEf ., < - 
^-^-.^atbeaV253-255- : 
hand-held, 253 
sheet-fed, 253 
SCSI (small computer system interface), 32, 209, 

217-219 
SCSI bus, 217 
SCSI controller card, 19 
SCSI controllers, 218 
SD (Send Data), modems, 249 
SDRAM (Synchronous DRAM), 121, 207 " 
Search engines, 366-367 
Searching World Wide Web (WWW), 361 



Secondary transfer belts, 393 

Sectors (magnetic disks), formatting, 141, 146 

Security, viruses, 83, 98 

antivirus software, 99 

camouflage, 98 

creating, 98 

delivery, 98 

event watching, 98 

macros, 98 

memory-resident, 98 

replications, 98 
Select line (parallel ports), 210 
Semiconductors, 142 
Sending email, 352-353 
Sensing positions (joysticks), 241 
Serial numbers (Pentium III), 129 
Serial ports, 13,209,212-213 
Serial UPS, 198 
Server software, email, 351 
Servers, 332 
Session layers, 343 

Shadow masks (Super- VGA monitors), 227 
Shareware, 50 
Sharing 
data 

OLE, 74-75 

Windows Clipboard, 72-73 
source code (Windows), 70-71 
Sheet-fed scanners, 253 
Shockley, William, 6 
Showing ink (palmtop PCs), 265 
Shutter (3.5-inch floppy drives), 154 
Signature IDs (bitmap headers), 92 

S! . . - , 
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Silicon, i3l 

drain, 114-115 

N-type, 114-115 

P-type, 114-115 

source, 114-115 
Silicon transistors, 6, 114-115 
Silicon-on-insulator (SOI) technology, 131 
SIMD (single instruction/multiple data), 128 



SIMMs (single in-line memory modules), 14, 121 
Simple mail transfer protocol (SMTP), 351-352 
Sites (Web), 362 

Six degrees of freedom (6DOF), 313 
Slack (clusters), 162 
Slave connections, 216 

Small computer system interface, 32, 209, 217-219 
SMTP (simple mail transfer protocol), 351-352 
Sockets, circuit boards, 15 
Software, 77 

antivirus, 99 

communications, 78 

creating, 58-59, 103-104 

database managers, 78-80 

defined, 44-45 

fingerprint recognition, 272-273 
flexibility, 50-51 
freeware, 49-50 
graphics, 78, 82-83 

bitmapped graphics, 92-95 

vector graphics, 96-97 
growing complexity of, 103 
history, 45-47 

Eniac computer, 46 

Lotus 1-2-3, 49' 

mainframe computers, 46 

Visicalc, 47-48 
kernels, 58 
multimedia, 78 
operating systems, 51-54 
predictions about, 102-105 
program flow, 60-61 
programming, 44 

shareware, 50' ^ ^ " ' - — — - — * 
spreadsheets, 80-81 

automatic recalc features, 91 

calculation engines, 91 

formulas, 90-91 

minicompiiers, 90 
user groups, 50 
utilities, 78 



viruses. See Viruses 

word processors, 78, 81-82 
display drivers, 101 
text formatting, 100-101 

Y2K bug, 35 
SOI (silicon-on-insulator) technology, 131 
Solenoids (printers), 383 
Solid-ink printers, 387, 394-395 
Sorting data (databases), 79 
Sound, 297 

3D audio, 304 

digital, 302-303 

MIDI (musical instrument digital interface), 
300-301 

MP3 music, 305 

sound cards. See Sound cards 

voice recognition, 297 
Sound cards, 12, 298-299 

ADC (analog-to-digital converter) chip, 298-299 

DAC (digital-to-analog converter) chip, 298 

DSP (digital signal processor), 299 

FM synthesis, 301 

wave-table synthesis, 300 
Source code, 57 

commenting, 103 

modules, 103-104 

sharing (Windows), 70-71 
Source sound, 304 
Speakers, portable computers, 260 
Speculative execution, 127 
Speech recognition. See Voice recognition 
Speed 

access time, 161 

ill.**--. . . 

Spelling checker, OCR (optical character- 
recognition), 257 
Spiders, 366 

Spindles (hard drives), 158 

Spites, 318 

Splitters 

cable modems, 349 

DSL connections, 346-347 
Spreadsheet applications, 80-81 

automatic recalc features, 91 

calculation engines, 91 

formulas, 90-91 

Lotus 1-2-3, 49 



mintcompilers, 90 
Visicalc, 47-48 
SRAM (Static random access memory), 121 
Star networks, 33 1 
hubs, 336 
nodes, 336-337 
Start/stop bits (modems), 247 
Static random access memory (SRAM), 121 
Stepper motor (3.5-inch floppy drives), 154 
Storage, 169 
compression, 161 

DAT (digital audio tape) drives, 178-179 
database records, 86-87 
history, 136-138 
holographic, 182-183 
offline, 136 
on hard drives, 161 
predictions about, 180-183 
QIC (quater-inch cartridge) tape drives, 176-177 
removable hard drives, 174-175 
Storage devices 
CD-ROMs, 287 
DVDs, 287 
Storing images (digital photography), 269 
Streaming 

Internet audio, 355 

decoding packets, 356-357 
metafiles, 356-357 
transferring packets, 356-357 
UDP (user datagram protocol), 355 
Internet video, 355, 358-359 
capture cards, 358 
corrupt packets, 359 
"C;^; .jPmulticast^ 

UDP (user datagram prbtocol);355, 359 
Strings, 58 

Strobe (parallel ports), 210 
Stylus (palmtop PCs), 264 
Subtractive color, 388 
Super- VGA monitors 
adapters, 226 

CRTs (cathode-ray tubes), 226 

dot pitch, 227 

phosphors, 227 

raster scanning, 227 
interlaced, 227 

magnetic deflection yokes, 226 



possible colors, 226 

refresh rates, 226 

shadow masks, 227 
Surface mounting (circuit boards), 15 
Surge protectors, 199 
Swapping (memory), 68 
Switches, 119-121, 123 
Synchronous DRAM (SDRAM), 121, 207 
System files, 9,21 

T 

T-connectors (networks), 333, 344 
Tl connection (Web browsers), 363 
Tables, 79, 88 
Tandem printers, 393 
Tape drives, 12, 169 

DAT (digital audio tape), 178-179 

QIC (quarter-inch cartridge), 176-177 

restoring files from, 177 
TCP (transmission control protocol), 355 
TCP/IP (transmission control protocol/internet 

protocol), 328 
Tele-immersion, 370 
Telephone systems, 245 
Terminal adapters, 245 
Terminators (networks), 217, 333 
Tessellation, 3 14-319 
Texas Instruments, 6-7 
Text 

attributes, 100 

formatting, 100-101 

OEM (original equipment manufacturer), 72 
Texture maps, 316 

alpha blending, 317 

caching, 319 
Thermal fuses (surge protectors), 199 
Thin clients, 332 
TIF file extension, 92 
Time dilation, 35 
Token ring networks, 331 
Tokens (force-feedback joysticks), 242 
Toner (laser printers), 385 
Top hat (joysticks), 241 
Top-level domain name (URLs), 362 
Topologies (networks), 331 



Toroidal choke coils (surge protectors), 199 
Torsion hinges, 230 
Touch pads, 233, 236 
Touch screens, 233 
TR (Terminal Ready), modems, 249 
Traces, 15 
bus, 201 

microchips, 130-131 
Trackballs, 233-234 
Tracking time, 34-35 
Tracks 

clusters, 146 

magnetic disks, 141, 146 
Transceivers (Ethernet networks), 334 
Transistors, 110, 114-115, 118, 124 

binary numbers, 113 

history of, 6 

logic gates, 113 

microchips, 113 

silicon, 6, 114-115 

switches, 119-121 
Transmission control protocol (TCP), 355 
Transmission control protocol/internet protocol 

(TCPAP), 328 
Transmission speeds (modems), 247 
Transmit Data line (modems), 246 
Transport layer (network communications), 343 
Triangulation, 314-319 
Trilinear filtering, 317 
Turing, Alan, 102, 104 
Twisted-pair wiring, 333 
Two frame buffers, 319 
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W 

UDP (user datagram protocol), 355, 357, 359 
Uninterruptible power supply (UPS), 198 
Universal DSL, 347 
Universal resouce locators. See URLs 
Universal serial bus. See USB 
Uops (processors), 127 
UPS (uninterruptible power supply), 198 
Upstream data, 347-348 
URLs (universal resource locators), 362 
/A 362 

domain name, 362 
html, 362 



http, 362 

search engines, 366 
top-level domain name, 362 
www, 362 

USB (universal serial bus), 209, 214-215, 241 
connections (joysticks), 241 
ports, 13 

User datagram protocol (UDP), 355, 357, 359 
User groups, 50 

User immersion (virtual reality), 311-312 
Utilites, 78 

V 

V.90 modems, 250-251 
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Video random access memory (VRAM), 121 
Videoconferencing, 308 
Videophones, 278 

Viewing transform (drawing vector graphics), 97 
Virtual drives, 163 

Virtual file allocation table (VFAT), 146, 159 

Virtual Machine Manager (VMM), 66 

Virtual memory, 67-68 

Virtual pixels, 93 

Virtual reality, 283-284, 311-312 
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WANs (wide-area netowrks), 333, 344 
Wave forms (force-feedback joysticks), 242 
Wave- table synthesis (sound cards), 300 
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Wide area networks (WANs), 333, 344 
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Write-protected 3.5-inch Soppy drives, 155 
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WWW (World Wide Web) 
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X-Y axis coordinates (joysticks), 240 
XML (extensible markup language), 371 
XOFF control codes (printers), 382 
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Zone recording (Zip drives), 171 
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If knowledge is the light of the 
world, then the contents of How 
Computers Work will certainly 
illuminate much about the inner 
workings of today's home and 
business computers without 
requiring the user to look under 
the hood." 



Detailed explanations walk 
you through the technology. 



-The New York Times 
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